INTRODUCTION
============

Postoperative atrial fibrillation (AF) is the most common complication after cardiac surgery ^\[[@r01]\]^ and is associated with higher risks of cerebrovascular accident (CVA), hospital expenses and mortality as well as longer hospital and Intensive Care Unit (ICU) stay ^\[[@r02]\]^. In most cases, it spontaneously reverts to sinus rhythm, without the need for pharmacological intervention ^\[[@r03]\]^.

Postoperative AF occurs in approximately 30% to 40% of patients who undergo coronary artery bypass grafting (CABG) and in up to about 60% of patients who undergo concomitant valve surgery ^\[[@r04]\]^. The incidence of this arrhythmia depends on the definitions adopted, the characteristics of the patients, the type of surgery performed, and the monitoring method ^\[[@r05]\]^. AF incidence has been increasing for the past few decades thanks to the higher percentage of elderly patients undergoing cardiac surgery ^\[[@r01]\]^.

This arrhythmia occurs typically on the second or third postoperative day, with 70% of the events occurring by the fourth day. However, it can happen at any time after surgery, including after hospital discharge. In fact, AF is the leading cause of early hospital readmission after cardiac surgery ^\[[@r06]\]^.

Indications for aortic valve surgery have been increasing due to an increase in population longevity. Even though AF is expected to be more frequent, there are few data on the prevalence of this condition in individuals aged 80 years or older and on its correlation to morbidity and mortality to offer guidance on the possible need for more aggressive prophylaxis during the preoperative period of more elderly patients.

The aim of this study was to analyze a sample of elderly patients and describe the correlation between age and occurrence of acute postoperative AF after aortic valve stenosis surgery. Secondly, it set out to assess the influence of AF in the incidence of postoperative CVA, hospital length of stay, and hospital mortality.

METHODS
=======

This was a cross-sectional retrospective study of patients aged 70 years and older who underwent isolated aortic valve replacement, from 2000 to 2011, due to aortic stenosis or double aortic lesion with predominant stenosis, including reoperations. Patients who underwent associated surgical procedures, including aortoplasty or aortic annular enlargement, and patients with preoperative endocarditis or AF were excluded.

Heart rate was assessed by continuous cardiac monitoring in all patients for a minimum of 72 hours (postoperative ICU) and by daily electrocardiographic examinations until hospital discharge. Additional electrocardiograms were performed when patients suffered palpitations, tachycardia or angina. For the purposes of this study, AF consisted of any episode of supraventricular arrhythmia whose electrocardiography tracing showed \"f\" waves with varying morphology and amplitude as well as irregular ventricular rhythm.

Angina and heart failure (HF) were classified according to the criteria established by the Canadian Cardiovascular Society (CCS) and New York Heart Association (NYHA), respectively. Current smoking was defined as smoking one or more cigarettes a day in the past month. Occurrence of CVA was determined in the presence of focal neurological signs or alterations in level of consciousness for \> 24 hours. Hospital mortality was defined as death during hospital stay, regardless of length of stay.

Data were collected directly from patients\' medical records, then inserted and analyzed by the Statistical Package for Social Sciences (SPSS) 21.0 software. Descriptive analysis was done through absolute and relative frequencies for qualitative variables and through average/median and standard deviation/interquartile range for quantitative variables. Comparison of groups was assessed by Student\'s t-test for normally distributed quantitative variables, by Mann-Whitney U test for quantitative variables not normally distributed, and by Chi-square test for categorical variables. For low frequencies, Fisher\'s exact test was used. Multivariate analysis was performed by using multiple logistic regression, where the variables included were the ones with *P*\<0.20 in the univariate analysis. For multivariate analysis of not normally distributed continuous variables, logarithmic transformation was carried out, followed by multiple linear regression analysis with the aforementioned inclusion criteria. The relationship between age and incidence of acute postoperative AF was assessed by chi-square test for linear trends after assigning patients to 5-year age groups. A significance level of 5% was adopted for every test performed. This is a subanalysis of a previous study ^\[[@r07]\]^, submitted to and approved by the IC/FUC Research Ethics Committee.

RESULTS
=======

The sample was comprised of 348 patients, who fit the inclusion criteria established for the study. Demographic characteristics of the studied population are described in [Table 1](#t01){ref-type="table"}.

###### 

Demographic characteristics of the studied population.

  Variável                          Total        70-79 anos   ≥ 80 anos   *P*
  --------------------------------- ------------ ------------ ----------- ---------
  Average age (years)               76.8±4.6     74.5±2.8     82.7±2.7    \<0.001
  Male patients (%)                 195 (56.0)   143 (57.2)   52 (53.1)   0.562
  SAH (%)                           251 (72.1)   178 (71.2)   73 (74.5)   0.629
  Diabetes (%)                      77 (22.2)    57 (22.8)    20 (20.4)   0.734
  BMI ≥ 30 kg/m^2^ (%)              62 (17.8)    42 (16.8)    20 (20.4)   0.525
  COPD (%)                          38 (10.9)    33 (13.2)    5 (5.1)     0.047
  Previous smoking (%)              147 (42.2)   118 (47.2)   29 (29.6)   0.004
  Current smoking (%)               10 (2.9)     9 (3.6)      1 (1.0)     0.293
  Heart failure III/IV (%)          132 (37.9)   91 (36.4)    41 (41.8)   0.414
  LVEF \< 40% (%)                   28 (8.0)     16 (6.4)     12 (12.2)   0.113
  Angina III/IV (%)                 23 (6.6)     18 (7.2)     5 (5.1)     0.639
  Unstable angina (%)               25 (7.2)     21 (8.4)     4 (4.1)     0.241
  Syncope (%)                       96 (27.6)    71 (28.4)    25 (25.5)   0.682
  Previous CVA (%)                  24 (6.9)     17 (6.8)     7 (7.1)     1.000
  Peripheral vascular disease (%)   35 (10.1)    30 (12.0)    5 (5.1)     0.084
  Previous cardiac surgery (%)      45 (12.9)    33 (13.2)    12 (12.2)   0.951
  Previous AMI (%)                  17 (4.9)     12 (4.8)     5 (5.1)     1.000
  Urgency/emergency surgery (%)     7 (2.0)      5 (2.0)      2 (2.0)     1.000
  Ischemia time (min)               57.1±17.4    57.0±17.8    57.2±16.3   0.934
  CPB time (min)                    73.9±21.6    73.6±20.9    74.9±23.5   0.598

SAH = Systemic arterial hypertension; BMI = body mass index; COPD = chronic obstructive pulmonary disease; LVEF = left ventricular ejection fraction; CVA = cerebrovascular accident; AMI = acute myocardial infarction; CPB = cardiopulmonary bypass

Incidence of postoperative AF was 32.8% (n=114). It was significantly higher (*P*=0.017) in patients aged \> 80 years (42.9%) compared to those aged 70-79 years (28.8%), even when adjusted for chronic obstructive pulmonary disease, previous smoking, peripheral vascular disease, and left ventricular ejection fraction (FEVE) \< 40% in the multivariate analysis (*P*=0.012) ([Figure 1](#f01){ref-type="fig"}). The relationship between age group and occurrence of AF can be seen in [Figure 2](#f02){ref-type="fig"}, which shows borderline statistical significance for linear trend (*P*=0.055).

![Incidence of postoperative atrial fibrilation after aortic stenosis surgery, total and according to age. \*Adjusted for chronic obstructive pulmonary disease, previous smoking, peripheral vascular disease, and LVEF \< 40% . Incidência fibrilação atrial = Incidence of atrial fibrillation; total = total; anos = years.](rbccv-29-01-0045-g01){#f01}

![Relationship between age and acute postoperative AF after aortic stenosis surgery. Borderline statistical significance for linear trend (P=0.055). Incidência fibrilação atrial = Incidence of atrial fibrillation. Faixas etárias (anos) = Age](rbccv-29-01-0045-g02){#f02}

The analysis of patients who did and those who did not suffer from postoperative AF did not identify characteristics or risk factors with statistically significant differences between those two groups ([Table 2](#t02){ref-type="table"}).

###### 

Demographic characteristics of patients with acute postoperative AF.

  Variable                          AF          no AF        *P*
  --------------------------------- ----------- ------------ -------
  Average age (years)               77.4±5.2    76.5±4.3     0.101
  Male patients (%)                 59 (51.8)   136 (58.1)   0.314
  SAH (%)                           84 (73.7)   167 (71.4)   0.745
  Diabetes (%)                      23 (20.2)   54 (23.1)    0.635
  BMI ≥ 30 kg/m2 (%)                24 (21.1)   38 (16.2)    0.341
  COPD (%)                          14 (12.3)   24 (10.3)    0.700
  Previous smoking (%)              44 (38.6)   103 (44.0)   0.398
  Current smoking (%)               3 (2.6)     7 (3.0)      1.000
  Heart failure III/IV (%)          48 (42.1)   84 (35.9)    0.316
  LVEF \< 40% (%)                   7 (6.1)     21 (9.0)     0.483
  Angina III/IV (%)                 7 (6.1)     16 (6.8)     0.987
  Unstable angina (%)               7 (6.1)     18 (7.7)     0.760
  Syncope (%)                       35 (30.7)   61 (26.1)    0.435
  Previous CVA (%)                  8 (7.0)     16 (6.8)     1.000
  Peripheral vascular disease (%)   10 (8.8)    25 (10.7)    0.714
  Previous cardiac surgery (%)      11 (9.6)    34 (14.5)    0.270
  Previous AMI (%)                  4 (3.5)     13 (5.6)     0.571
  Urgency/emergency surgery (%)     2 (1.8)     5 (2.1)      1.000
  Ischemia time (min)               58.5±14.8   56.3±18.5    0.273
  CPB time (min)                    74.8±16.5   73.5±23.8    0.622

AF = atrial fibrillation; SAH = Systemic arterial hypertension; BMI = body mass index; COPD = chronic obstructive pulmonary disease; LVEF = left ventricular ejection fraction; CVA = cerebrovascular accident; AMI = acute myocardial infarction; CPB = cardiopulmonary bypass

In patients with acute AF, there was a slightly higher, but statistically insignificant, incidence of postoperative CVA. On the other hand, patients with this arrhythmia had a significantly longer Intensive Care Unit and total hospital stay, even in the multivariate analysis. There was no statistically significant difference in terms of hospital mortality. Those analyses are described in [Table 3](#t03){ref-type="table"}.

###### 

Incidence of CVA, hospital length of stay, and hospital mortality according to the incidence of postoperative AF.

  Complication                         Total      AF          no AF      *P*        *P* [\*](#tfn01t03){ref-type="table-fn"}
  ------------------------------------ ---------- ----------- ---------- ---------- ------------------------------------------
  CVA (%)                              7(2.0)     3 (2.6)     4 (1.7)    0.687      \-
  Hospital length of stay                                                            
  Median days of ICU stay (25-75%)     3 (2-5)    5 (3-7)     3 (2-4)    \< 0.001   \<0.001
  Median days of total stay (25-75%)   8 (7-13)   10 (8-15)   8 (7-10)   \< 0.001   \<0.001
  Outcome                                                                            
  Mortality (%)                        25 (7.2)   5 (4.4)     20 (8.5)   0.234      \-

AF = atrial fibrillation; CVA = cerebrovascular accident; ICU = Intensive Care Unit. (25-75%) = 25-75% interquartile range.

Adjusted for age

DISCUSSION
==========

By evaluating elderly patients who underwent aortic valve replacement, this study observed an almost linear trend of age and incidence of postoperative AF, with individuals aged \> 86 years presenting a 55% rate of this arrhythmia. In addition, hospital length of stay was longer for this population, both total and in the ICU, but incidences of CVA and hospital mortality were not higher.

Postoperative arrhythmias have multifactorial etiology, but it has been suggested that, in the postoperative period, they are mainly a result of incomplete myocardial protection. Oxygen-derived free radicals and calcium overload resulting from reperfusion of ischemic areas are important arrhythmogenic mechanisms that lead to transmural reentry ^\[[@r08]\]^.

Some studies have found advanced age, male gender, previous AF, HF, and beta blocker withdrawal as being preoperative factors associated with higher incidence of AF. Even though a number of studies have shown risk factors for postoperative AF following cardiac surgery, an effective prediction model has yet to be developed ^\[[@r09]\]^. A Brazilian study conducted by Silva et al. ^\[[@r04]\]^ analyzed the occurrence of AF in 452 patients who underwent cardiac surgery and developed a score to predict this arrhythmia. Factors most associated with AF included patients aged 75 years and older, mitral valve disease, no use of beta blocker, beta blocker withdrawal, and positive fluid balance. The absence of risk factors reflected a 4.6% chance of postoperative AF and for one, two, and three or more risk factors, the chance was 16.6%, 25.9%, and 46.3%.

A previous study that analyzed only patients who underwent aortic valve replacement found that age, previous history of paroxysmal AF, supraventricular heart rate of \> 300 bpm in 24 hours, and supraventricular tachycardia on the day before surgery were independent predictors of postoperative paroxysmal AF ^\[[@r10]\]^. In this study, only patients with aortic stenosis were included, without correlating with either beta blockers or fluid balance; however, age was confirmed as an independent risk factor.

Likewise, in other series, advanced age is considered an independent predictor for postoperative AF following cardiac surgery. It has been described that this arrhythmia affects more than 18% of individuals over 60 years old and about 50% of those over 80 years old who underwent CABG ^\[[@r03]\]^. The literature reports any patient over 70 years old who underwent CABG as being at a high risk for developing AF. Furthermore, it is known that for every 10-year increase in patient\'s age, the risk of developing postoperative AF following cardiac surgery increases 75% ^\[[@r08],[@r11],[@r12]\]^. This association is because these individuals have more comorbidities related to age as well as structural changes in the atrial myocardium, such as distension and fibrosis, which are secondary to changes typical of old age ^\[[@r03]\]^. In this study, which included only patients aged \> 70 years, besides a high overall occurrence rate of AF (32.8%), there was also a linear increase with age, as described above; however, the increase was not statistically significant.

Despite being often considered a harmless temporary problem, postoperative AF is associated with an increase in early and late mortality ^\[[@r13]\]^, as it has been shown in meta-analysis ^\[[@r14]\]^. High incidence of postoperative AF after cardiac surgery warns of the importance of identifying patients at high risk of developing this arrhythmia ^\[[@r08]\]^.

Even though risk factors for postoperative AF are known in a substantial number of patients, when analyzed individually no single risk factor could be identified. That justifies the importance of establishing prophylaxis in order to reduce the incidence of this arrhythmia and consequently its clinical implications to patients who underwent cardiac surgery ^\[[@r03]\]^. Several studies have evaluated the effectiveness of pharmacological and non-pharmacological prophylactic interventions in the prevention of postoperative AF.

Meta-analysis was used to assess the impact of those interventions, including amiodarone, beta blockers, sotalol, magnesium, atrial stimulation, and posterior pericardiotomy. All of those significantly reduced the rate of postoperative AF after cardiac surgery. The prophylactic interventions reduced hospital length of stay by about 16 hours and hospital expenses by approximately USD 1,250. In addition, they reduced the occurrence of postoperative CVA, though this reduction was not statistically significant (OR 0.69; CL 95% 0.47-1.01), and they did not affect mortality, neither cardiovascular nor by any other cause ^\[[@r02]\]^.

The administration of beta-blocking agents is the most effective measure in AF prophylaxis ^\[[@r03]\]^, significantly reducing its incidence after cardiac surgery (OR 0.33; CL 95% 0.26-0.43) ^\[[@r02]\]^. As part of the routine at our institution, every patient starts to receive this class of drugs on the first postoperative day, unless there are contraindications such as hemodynamic instability.

Limitations of this study include its retrospective nature, which could have influenced the quality and uniformity of the data collected; being performed at one single institution, which makes it difficult to make generalizations from the data presented; and the relatively small sample, which could have impacted, for example, the failure to observe a relationship between AF and incidence of CVA and mortality.

CONCLUSION
==========

In conclusion, incidence of postoperative AF after aortic valve stenosis surgery in patients aged \> 70 years proved high and linearly correlated with advanced age, reaching 55% in patients aged 85 years and older. As a result, there was an increase in ICU and total hospital length of stay; however, there was no increase in morbidity and mortality of affected patients. Knowledge of those data is important to show the need for prophylactic measures and early treatment of this arrhythmia in this subgroup in order to minimize morbidity and postoperative length of stay.
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